Feeding is arguably one of the most well-conserved and important adaptive behaviors across all species. In this issue of Cell, Yapici et al. use a novel real-time feeding assay in Drosophila flies to identify a neural circuit that integrates gustatory input and hunger state to modulate food ingestion.
The most basic and conserved behaviors produced by the brain are those that are essential for survival. In order to coordinate these innate behaviors, the nervous system must continuously integrate external sensory information with internal physiological cues, a process that occurs both during behavioral initiation and persistence. Feeding behavior reflects the integration of peripheral sensory stimuli such as taste and smell (Yarmolinsky et al., 2009) , internal metabolic and physiological signals that regulate hunger state (Aponte et al., 2011; Friedman and Halaas, 1998; Krashes et al., 2011) , motivation, and experience (Betley et al., 2015; Jennings et al., 2015) . In order to faithfully orchestrate feeding behavior, these neural systems must be tightly regulated, and their disrupted regulation has the potential to lead to a spectrum of adverse conditions such as the lifethreatening hyperphagia seen in PraderWilli Syndrome or persistent hypophagia observed in anorexia nervosa. While work on mammalian feeding circuitry continues to rapidly advance, research from invertebrates where the connectivity and interrogation of genetically defined cell types are arguably better understood has also provided important contributions. Accordingly, fundamental neurocircuit principles of feeding in both vertebrates and invertebrates may share similarities, produced either via direct conservation or evolutionary convergence. In this issue of Cell, Yapici et al. identify a novel feeding-related circuit in Drosophila that likely receives convergent information related to taste, as well as metabolic state.
In Drosophila, peripheral taste sensing occurs in the labellum (functional homolog of the tongue) of the proboscis, the wings, and the legs via sensilla containing gustatory neurons. Afferents fibers from these peripheral gustatory neurons project to a region of the brain known as the subesophageal zone (SEZ), which serves as a general sensory relay center to the rest of the fly brain. Although the SEZ is not restricted to taste processing, gustatory neurons expressing different receptors or originating in different anatomical compartments terminate in distinct regions of the SEZ, suggesting that taste representations are mapped in a manner similar to the vertebrate gustatory cortex (Harris et al., 2015) . Within the SEZ, these modalities are integrated with local motor interneurons to drive synchronized ingestive routines (Gordon and Scott, 2009) . Throughout ingestion, the sensitivity of taste neurons decreases, thereby tapering ingestive drive.
Taste-independent nutrient sensing can also influence feeding. In addition to the immediate evaluation of food quality relayed by gustatory neurons, metabolic signals contribute to latent post-ingestive nutrient sensing with lower temporal resolution. In insects, the sensing of metabolic cues occurs in part via neuroendocrine and sugar-sensitive nuclei in the brain, which is bathed in hemolymph through an open circulatory system (Dus et al., 2015) . Additionally, ingestion is negatively regulated by abdominal stretch receptors that monitor gut filling. Although these gradual mechanisms provide significant feedback to the active maintenance of ingestion, their delayed effect cannot fully account for the real-time behavioral modifications displayed during feeding. Furthermore, meal bouts of individual flies are miniscule in volume, complicating measurements of ingestive dynamics. Now, in this issue of Cell, Yapici et al. (2016) describe a novel automated feeding assay to precisely measure ingestive bouts in real-time in Drosophila. This system, ''Expresso,'' allows for meal bouts to be robustly quantified at volumes in the nanoliter range. Since postingestive computations would influence feeding on a delayed timescale, Yapici et al. (2016) hypothesized that flies have an additional mechanism to integrate hunger state with food quality and caloric intake on a momentary basis. To test this, they used Drosophila's powerful genetic toolkit to screen for neuronal subpopulations involved in modulating ongoing feeding. Using the Gal4/UAS enhancer trap system, they chronically or conditionally silenced genetically defined neuronal subpopulations. Using this approach, they identify one transgenic line, 57F03-Gal4, that displayed reduced total consumption, bout volume, and ingestion rate. GFP expression driven by this transgenic line revealed a subset of labeled neurons in the SEZ, as well as other locations. In order to further specify which neurons are functionally involved in altering real-time ingestive behavior, the Janelia FlyLight library was used as an atlas to screen for candidates displaying overlapping expression patterns, ultimately leading to the identification of a transgenic line with an overlapping expression pattern (83F01-Gal4). With this, Yapici et al. (2016) then applied an intersectional genetic approach to uncover 12 interneurons labeled by both lines. This population, which they termed ''IN1'' (ingestion neurons), originated lateral to the SEZ but sent projections arborizing to the SEZ midline (Figure 1 ). Chronic and conditional silencing of IN1 neurons resulted in a dramatic reduction of total ingestion, bout volume, and ingestion rate, demonstrating a functional role for IN1 neurons in modifying active ingestion.
IN1 neuron labeling was also blocked by Gal4 repression under cholinergic control, suggesting that these cells represent a previously unidentified population of local cholinergic interneurons in the Drosophila taste center. Using GFP synaptic reconstitution, dendritic arbors of IN1 neurons were found to receive afferents from a pharyngeal, sugar-sensitive gustatory population. In addition, in vivo two-photon imaging of calcium activity in IN1 arbors showed a robust response to sucrose ingestion, and no calcium response was observed timelocked to initial labellar sucrose sensing. During sucrose ingestion, IN1 activity was responsive to both food quality and to hunger state, with evoked activity persisting longer in fasted versus fed flies. In support of their role in nutrient computation and behavioral integration, IN1 neurons exhibited adaptive activity over the course of ingestion. As the flies became satiated, bout volume and calcium activity both decreased in parallel. Accordingly, optogenetic activation of IN1 neurons was also sufficient to increase the probability of ingestive behavior and increase the volume of ongoing feeding bouts and their duration in a contextspecific manner. Whereas photoactivation of sugar-sensitive gustatory neurons was sufficient to trigger proboscis extension, sucrose ingestion was only observed upon photoactivation of IN1 neurons when the proboscis was in close proximity to sucrose.
Taken together, these findings suggest that IN1 neurons are involved in actively computing and integrating both intrinsic and extrinsic sensory cues to sculpt feeding behavior. Given that taste cells are also present in the pharynx in vertebrates, and considering the importance of feeding behavior at all levels of metazoan phylogeny, it is likely that similar systems for signal integration are also present in vertebrates and that this may represent a common circuit archetype for behavioral control. 
